Abstract -Resonant converters have a highly nonlinear and time-varying nature. Any change in operating conditions leads to significant changes in system dynamical model so that desired performance and even stability are lost. This situation is mainly due to variation in load and line voltage. Taking into consideration the uprising need for high-quality resonant power converters comes the need for modern and systemic approaches to the control of these systems.
I. Introduction
The resonant converters use a resonant circuit for switching the transistors when they are at the zero current or zero voltage point, this reduces the stress on the switching transistors and the radio interference [ 11. Due to their reduced switching losses, the resonant converters are currently the object with widespread interests among power conversion applications. This removes 30 to 40 percent of the losses within a comparable conventional switching converter when operated at the same frequency.
Practical, commercially available resonant converters are emerging in the market place today, but the field of resonant structures and its controller is still very much in a state of change. New demands placed on the designers and component manufacturers at these higher frequencies are resulting in improved modeling and control of the converters. Lower losses in turn mean smaller heat sinks, hence reduction in size and weight of the overall package. Because the voltage is switched when the drain current of the switching transistors is zero and operation at higher frequencies is possible, resulting in smaller magnetic elements and filter components.
This field is still quite new. New is experimenting with varying the topologies to minimize the sensitivity of resonant converter to parameters variation. Reference [2-61 discusses several scenarios and issues on related controller design. The controller design for resonant converters, compared to other conventional topologies is difficult [7-121. The difficulties in controller design arise from knowing which topologies can offer an optimum solution to the requirements, knowing what reasonable assumptions can be made during the design process, and understanding the high frequency behavior of the elements within the design.
To overcome the control problems of resonant converters, several notable approaches based on classical, optimal, nonlinear and other control theorems have already been proposed [2-61. This report addresses the design of robust controller for a ZCS converter based on p-synthesis technique.
In section 2, we will discuss about the dynamical model of a sample ZCS converter. The details of proposed strategy are given in section 3. Finally the simulation results are shown in section 4.
Dynamical Model
As an example, consider a resonant converter with zero-current switching as illustrated in Fig. 1 closed, the diode remains forward biased while iL1 < i, , and as i,, reaches iL , the diode turns off. Hence, the switch turns off and on at zero-current. The signal-level switching signal US drives the switch S (high-frequency transistor). The duty ratio is given as d= ton /(ton+toff). It should be emphasized that in resonant converters, the frequency is controlled to regulate the output voltage. That is, pulse frequency modulation is used. The duty ratio and output voltage are controlled by changing the toff duration. From d= ton/(ton+toff) one concludes that de [dmin, dmax] ; that is, the duty ratio is bounded [ 2 ] .
Fig. 1: Resonant converter with ZCS
A set of highly coupled differential equations, to model the resonant converter dynamics, is found as 
where u0 and xio,i = 1,2, ..., 5 are nominal values of control action and state variables.
Proposed Strategy
We proceed to design a robust controller using the psynthesis approach. The objective is to design a controller that will result in a stable closed-loop system and minimize the effects of the worst disturbances or exogenous inputs on the output variables. To meet our objective, we propose the closed-loop interconnection system as shown in figure control input w ( s ) chosen close to a differentiator to PI penalize fast change and large overshoot in the control input. The weight on the error w ( s ) was chosen close to an integrator at low frequencies in order to get zero steadystate error and good tracking. Finally, we know that to reject disturbances and to track command signal property,, it is required that singular value of sensitivity function be reduced at low frequencies, wPl(s) and wp2(s) be such select that this condition satisfied. For more details on how we must select weighting functions, refer to [13-141. Figure 4 shows the magnitude Bode plot of the weighting functions wu(s) and inverse of w ( S) , wP2 ( s ) . 
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Our next task is to isolate the uncertainties from the nominal plant model and redraw the system in the standard M-A block from shown in figure 5 . By using the uncertainty description and performance weights developed in previous section, we get an uncertainty structure A with a scalar block (corresponding to the uncertainty) and a 2x2 block (corresponding to the performance).
Having setup our robust synthesis problem in terms of the standard p-theory, we use the p-analysis and synthesis toolbox, to obtain a solution. The controller K(s) is found at the end of the fourth D-K iteration yielding the value of about 0.9875 on the upper bound on p, thus guaranteeing robust performance (figure 6). 
IV. Simulation Results
The below figures from simulation results demonstrate the effectiveness of the proposed design. Figure 7 depicts indicate the settling time comparison to results in [2] is significantly reduced by using the proposed strategy. Converters need to be operated over a wide load range. It is known that the behavior of resonant converters is highly dependent upon the load conditions. The problem of disturbance attenuation was taken into account in the control design. In particular, control laws have been synthesized to guarantee the disturbance attenuation.
The reference [2] has not reported the result for the recent condition. The analysis of the results documented in figures 9 and 10 allows one to conclude that the steadystate value of the output voltage is 20 V, and the error e(t)=Vref(t) -Vo(t) tends to zero. Hence, tracking and disturbance attenuation, robustness and stability have been proven. 
V. Conclusions
In this paper, we have addressed and solved the problem of designing of robust controller for resonant converters. We found feedback controller to attain the robust stability and robust performance. This research shows that the yrobust control provides a very powerful tool for synthesizing controllers for resonant converters, capable of guaranteeing good performance under a wide range of line voltage and load conditions.
The reported simulation results illustrate that result controller provide superior performance and ensure requirements imposed on high-performance switching resonant converters such as stability and robustness, fast dynamics and precise tracking, disturbance attenuation, etc.
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